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FOREWORD 

Th is  document presents the  r e s u l t s  o f  an e i g h t  month study performed by 
the Essex Corporat ion t o  develop ex te rna l  operat ions,  maintenance and r e p a i r  
mode s e l e c t i o n  c r i t e r i a  for  use by payload designers. 
under Phase I 1  o f  NASA-MSFC Contract  NAS8-31454 sponsored by the Bio-Engineer ing 

D r .  Stan ley Deutsch, D i rec to r .  Technical d i r e c t i o n  f o r  fhe e f f o r t  was provided 
by M r .  Stephen B. H a l l  of the P re l im ina ry  Design Off ice o f  the Program Develop- 
ment Organizat ion.  

The work was performed 

I D i v i s ion ,  L i f e  Sciences Off ice of NASA Headquarters, under the r e s p o n s i b i l i t y  o f  
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1 . 0 INTRODUCTION 

1.1 BACKGROUND 

An o r b i t a l  se rv i c ing  s tudy r e c e n t l y  completed by COMSAT concluded t h a t  
o n - o r b i t  s e r v i c i n g  i s  the most cost -ef fect ive method o f  ma in ta in ing  s a t e l -  
l i t e  a v a i l a b i l i t y  and t h a t  spacecraf t  can be designed t o  be serv iceab le  on- 
o r b i t .  While the  study was d i r e c t e d  p r i m a r i l y  toward f ree  f l y i n g  automated 
payloads, the conclusions a l s o  apply t o  s o r t i e  payloads mounted i n  the s h u t t l e  
cargo bay (reference 4).  
concluded t h a t  the most cost  e f f e c t i v e  method o f  p rov id ing  h igh a v a i l a b i l i t y  
s a t e l l i t e  se rv i ce  (>9OX) i s  by the use of on -o rb i t  maintenance and r e p a i r  
( reference 19).  

, 
A study r e c e n t l y  completed by TRW f o r  SAMSO a l s o  

I 
I 
I 

O ther  payload s e r v i c i n g  s tud ies  have i d e n t i f i e d  s p e c i f i c  payloads t h a t  
may r e q u i r e  operat ions,  maintenance and r e p a i r  a c t i v i t i e s  on equipment 
l o c a t e d  i n  the  cargo bay, i n  the  s h u t t l e  v i c i n i t y  o r  i n  h igh  e a r t h  o r b i t  (HEO). 
Many o f  these tasks may be perfomled by the S h u t t l e  Remote Manipulator  System 
(SRMS) o r  an ex t raveh icu la r  a c t i v i t y  ( E V F )  crewman, both o f  w l ~ i c ! ~  I v i i l  '-2 
prov ided on each s h u t t l e  f l i g h t .  Some of the tasks cou ld  a l s o  be performed 
by automated se rv i ce rs  ! A S ) ,  ?.n Ear th  O r b i t a l  Te leoperator  System (EOTS) o r  
an EVA crewman using a Manned Maneuvering U n i t  (MMU). 

1.2 OBJECTIVES 

The o v e r a l l  purpose o f  t h i s  document i s  t o  p rov ide  data t o  payload 

of  the document are: 

I 
I 

personnel t o  a i d  i n  the s e l e c t i o n  o f  operat ion,  maintenance and r e p a i r  (OMR) 
modes t o  per form ex te rna l  payload suppor t  a c t i v i t i e s .  The s p e c i f i c  ob jec t i ves  

e To present  what i s . c u r r e n t l y  known concerning t h e  
capabilities and limitations o f  d i f f e r e n t  modes for 
per forming payload ex te rna l  OMR. 

e To prov ide a method f o r  assessing the respec t ive  
c a p a b i l i t i e s  of the var ious  OMR modes and s e l e c t i n g  
the  most approp r ia te  mode f o r  s p e c i f i c  payload tasks. 

Sect ions 3.0 through 7.0 present  desc r ip t i ons  of f i v e  OMR modes i n  as 
much d e t a i l  as cu r ren t  hardware d e f i n i t i o n  w i l l  a l low.  These modes inc lude:  

Ext ravehi  c u l  a r  A c t i  v i  ty  (EVA) 

Manned Maneuvering U n i t  (MMU) - used i n  con junc t ion  w i t h  EVA 

S h u t t l e  Remote Manipulator  System (SRMS) 

Automated Serv icer  (AS) - Tug o r  Cargo Bay Mounted 

Ear th  O r b i t a l  Te leoperator  System (EOTS) 

1-1 



Section 8.0 presents the methodology f o r  comparing specif ic  task re- 
quirements w i t h  the OMR mode c a p a b i l i t i e s  t o  s e l e c t  the most appropriate 
method o f  performing the task. 
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2.0 DESCRIPTION OF OMR MODES 

The s e l e c t i o n  o f  an OMR mode t o  perform a p a r t i c u l a r  payload task w i l l  
depend p r i m a r i l y  on the spec i f i c  task requirements, the  impact on the  payload 
design and t h e  user charge p o l i c i e s .  
s c r i p t i o n s  of the OMR mode c a p a b i l i t i e s  t o  he lp  the  payload designer determine 
which methods a r e  f e a s i b l e  f o r  a p a r t i c u l a r  task.  De ta i l ed  data f o r  each OMR 
mode a re  a l so  presented i n  Sect ions 3.0 through 7.0. 
d e f i n i t i o n s  o f  the s i x  modes and F igure 2-1 presents a composite i l l u s t r a t i o n  
o f  t h e  equipment requi red.  

The paragraphs below present  broad de- 

Table 2-1 presents 

Table 2-1: OMR Mode D e f i n i t i o n s  

EVA - EXTRAVEHICULAR A C T I V I T Y ,  A PRESSURE SUITED CREWMAN OPERATING OUTSIDE THE 
PRESSURIZED VOLUME OF THE SPACECRAFT. 

FlMU - MANNED MANEUVERING U N I T ,  AN EVA CREWMAN USING A PERSONAL PROPULSION SYSTEM 
FOR MANEUVERING NEAR THE ORBITER. 

SRMS - SHUTTLE REMOTE MANIPULATOR SYSTEM, THE MANIPULATOR ARM LOCATED IN THE CARGO 
BAY USED FOR SPACECRAFT DEPLOYMENT. EQUIPMENT S E R V I C I N G  C A P A B I L I T Y  MAY BE 
PROVIDED I F  A D D I T I O N A L  END EFFECTORS ARE USED. 

BAY AS - PAYLOAD BAY AUTOMATED SERVICER, AN AUTOMATED SERVICER MOUNTED I N  THE CARGO BAY 
USED TO SERVICE AUTOMATED SPACECRAFT I N  LOW EPRTH O R B I T  (LEO) .  

TUG A S  - TUG AUTOMATED S E R V I C E R ,  AN AUTOMATED S E R V I C E R  MOUNTED ON A SPACE TUG USED TO 
SERVICE AUTOM4TED SPACECRAFT I N  HEO. 

EOTS - EARTH ORBITAL  TELEOPERATOR SYSTEM, A TELEOPERATOR SYSTEM WITH I T S  OWN PROPULSION 
SYSTEM USED TO SERVICE/REPAIR AUTOMATED SPACECRAFT I N  LEO. 

Ex t raveh icu la r  a c t i v i t y  ( E V A )  cons i s t s  o f  a crewman i n  a pressur ized 
s u i t  c a l l e d  the  Ex t raveh icu la r  M o b i l i t y  Un i t ,  a long w i t h  handra i ls ,  f o o t  
r s s t r a i n t s ,  l i g h t s ,  t e the rs  and t o o l s .  EVA i s  t h e  most v e r s a t i l e  o f  the 
OYR modes because o f  the f l e x i b i l i t y  o f  the  crewman t o  perform unscheduled 
and contingency tasks. 
c lude r e t r i e v a l  o f  f i l m  magazines, replacement o f  e l e c t r i c a l  components, 
inspec t ion ,  s o l a r  panel deployment and thermal s h i e l d  deployment. EVA t ssks  
a r e  l i m i t e d  t o  areas t h a t  can be reached w i t h  o r b i t e r  handra i l s  or handra i l s  

Typica l  EVA tasks from prev ious  NASA programs i n -  
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on t h e  SRMS. Major i npu ts  t o  the  payload design i nc lude  t h e  a d d i t i o n  o f  
handra i l s  t o  areas n o t  access ib le  from t h e  o r b i t e r  p rov ided handra i l s  and 
the  p r o v i s i o n  o f  manually operable launch locks, doors, fasteners,  e tc .  
From a cos t  s tandpoint ,  EVA should be des i rab le  f o r  planned, unscheduled 
and contingency operat ions s ince  the c a p a b i l i t y  f o r  two two-man EVAs i s  
p rov ided by t h e  o r b i t e r  a t  no a d d i t i o n a l  cos t  t o  the payload. 
EVA equipment above t h e  o r b i t e r  basel ine prov is ions  w i l l  be payload charge- 
ab le w i t h  respec t  t o  weight  and volume. 

The Manned Maneuvering U n i t  (MMU) i s  a personal  c o l d  gas propu ls ion  
system t h a t  can be used by an EVA crewman t o  t r a n s l a t e  t o  areas n o t  ac- 
cess ib le  w i t h  the  o r b i t e r  o r  SRMS handra i ls .  The nov ina l  opera t ing  range 
i s ;  100 m. The MMU/EVA combination i s  i d e a l  f o r  i nspec t i ng  c r  s e r v i c i n g  un- 
a t tached spacecra f t  i n  low e a r t h  o r b i t .  One MMU w i l l  be f lown on f l i g h t s  
w i t h  planned EVA and an a d d i t i o n a l  MMU w i l l  be f lown on f l i g h t s  w i t h  a p lan-  
ned MMU/EVA. A l l  MMUs f lown f o r  payload operat ions w i l l  be payload charge- 
ab le  on a weight  and volume basis.  

Supplementary 

The S h u t t l e  Remote Manipulator  System (SRMS) i s  a shu t t l e -a t tached  
man ipu la to r  prov ided by the  s h u t t l e  f o r  payload deployment and r e t r i e v a l .  
The SRMS can poss ib l y  be used f o r  package t r a n s l a t i o n  and module rep lace-  
ment a l though t h i s  c a p a b i l i t y  w i l l  be a f u n c t i o n  o f  the  f i n a l  SRMS design 
and t h e  end e f f e c t o r s  t h a t  are provided. Payloads w i l l  be respons b l e  f o r  
design, development, t e s t  and eva lua t ion  costs o f  any end e f f e c t o r  designed 
f o r  a s p e c i f i c  payload task,and any spec ia l  end e f f e c t o r s  f lown w i  1 be pay- 
l oad  chargeable on a weight  and volume basis. 

i n g  planned s e r v i c i n g  operat ions on both LEO and HE0 payloads. 
s e r v i c e r  mounted i n  the cargo bay cou ld  serv ice  LEO sate1 1 i tes whi l e  ser -  
v i c i n g  a t  HE0 would r e q u i r e  t h a t  the AS be at tached t o  a Tug veh ic le .  Ser- 
v i c i n g  would be l i i r i t e d  t o  operat ions such as module replacement. Weight and 
volume o f  the  se rv i ce r  and suppor t ing  s t r u c t u r e  i n  the  payload bay o r  on the  
Tug are  chargeable t o  the payloads being serviced. 

arid a payload docking c a p a b i l i t y  which would operate i n  r e l a t i v e l y  c lose  
p r o x i m i t y  t o  t h e  s h u t t l e  and would b e  p r i m a r i l y  i nvo l ved  i n  payload r e t r i e v a l  
arid se rv i c ing .  
crew compartment o f  t h e  s h u t t l e  and a s torage and resupply  s t a t i o n  i n  the 
cargo bay. Se rv i c ing  and r e t r i e v a l  w i t h  the  EOTS would r e q u i r e  payloads de- 
s igned t o  i n t e r f a c e  w i t h  the  EOTS,and weight  and volume o f  the  system would 
b e  chargeable t o  the payloads being serviced. 

Automated Serv icers (AS) have been proposed as v i a b l e  means o f  perform- 
An automated 

The EOTS i s  a manipulator  system w i t h  a p ropu ls ion  system, TV camera, 

The EOTS suppor t  system inc ludes  a crew s t a t i o n  i n  the  a f t  

2- 3 
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3.0 EXTRAVEHICULAR ACTIV ITY (EVA) 

3.1 GENERAL DESCRIPTION 

Without quest ion,  the most v e r s a t i l e  and e f f e c t i v e  OMR mode employed 
i n  prev ious manned space missions has been EVA. 
by the EVA crewmen saved Skylab from c e r t a i n  f a i l u r e .  The planned use of 
the EVA as t ronau t  t o  r e t r i e v e  f i l m  and experiments du r ing  the Skylab f l i g h t s  
proved t o  be an e f f i c i e n t  and r e l a t i v e l y  simple method o f  suppor t ing Skylab 
experiments. 

The c a p a b i l i t i e s  prov ided 

The c a p a b i l i t y  f o r  EVA w i l l  be provided on a l l  s h u t t l e  f l i g h t s .  The 
EVA development c o s t  i s  being borne by the s h u t t l e  and equipment f o r  two 
tho-man EVAs w i l l  be a v a i l a b l e  f o r  payload use a t  no a d d i t i o n a l  cost .  Ad- 
d i t i o n a l  EVA c a p a b i l i t y  w i l l  be payload chargeable on a weight  and volume 
b a s i s .  

The EVA system inc ludes the man, the  pressure s u i t ,  t h e  p o r t a b l e  l i f e  
support  system (PLSS), t r a n s l a t i o n  and r e s t r a i n t  a ids,  and t o o l s  and support  
equipment. The pressure s u i t  f o r  s h u t t l e  EVA w i l l  be an advanced state-of -  
t h e - a r t  s u i t  w i t h  increased l i m b  m o b i l i t y  and d e x t e r i t y .  
system which w i l l  r e q u i r e  the  crewman t o  pre-breathe f o r  3.5 hours p r i o r  t o  
i n i t i a t i n g  a c t u a l  EVA tasks. The s u i t  i s  expected t o  prov ide good l imb  mo- 
b i l i t y  due t o  the use o f  r o t a r y  bear ing j o i n t s .  
i n  the g love design such as the use o f  tucked f a b r i c  j o i n t s  t o  improve dex- 
t e r i t y  o f  t he  f i n g e r s  and hand. 

The p o r t a b l e  l i f e  support  system (PLSS) prov ides b rea th ing  and pres- 
s u r i z a t i o n  gas f o r  the s u i t  as w e l l  as c o o l i n g  f o r  t he  crewman. The PLSS i s  
a c losed loop system w i t h  up t o  6.5 hours oxygen supply. 
chargeable on -o rb i t .  

I t  w i l l  be a 4.0 p s i  

Improvements have been made 

The system i s  r e -  
Two PLSSs w i l l  be prov ided on each s h u t t l e  f l i g h t .  

The secondary oxygen pack (SOP) provides 30 minutes o f  emergency oxygen 
f o r  the crewman i n  the event o f  a ma l func t i on  i n  the  PLSS o r  i f  a h i g h  leak 
r a t e  i n  the s u i t  i s  encountered such as pressure r e l i e f  va lve f a i l u r e .  

I The s e r v i c e  and c o o l i n g  umbi li c a l  provides the capabi 1 i ty  t o  recharge 
thle PLSS o n - o r b i t .  
a l l o w i n g  a t o t a l  o f  three EVAs per  PLSS s ince the  PLSSs are launched f u l l .  
T w ~  o f  these are a v a i l a b l e  f o r  payload EVA and one i s  reserved f o r  rescue 
operat ions.  

It enables a t o t a l  o f  f o u r  recharges ( two pe r  PLSS), 

I 

Crew t r a n s l a t i o n  i s  accomplished through the  use of  h a n d r a i l s  and hand- 
Handra i l s  w i l l  be prov ided by the  o r b i t e r  a long the payload bay door 

A d d i t i o n a l  supplementary handholds w i l l  be 

holds.  
hinges and on the f o r e  and a f t  bulkheads t o  enable access t o  most l o c a t i o n s  
i n  the payload bay (F igu re  3-1). 
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e i t h e r  f i x e d  o r  p o r t a b l e  and w i l l  be payload chargeable on a weight  and volume 
basis.  One concept f o r  p o r t a b l e  handholds inc ludes the  use o f  l i g h t w e i g h t  re -  
ceptacles where a p o r t a b l e  handhold can be i n s t a l l e d .  
prov ided along the  SRMS f o r  crew t r a n s l a t i o n  t o  var ious payload bay l o c a t i o n s  
o r  t o  unattached automated spacecraft.  
crease the  domain o f  the EVA crewman b u t  accomplish t h i s  a t  no a d d i t i o n a l  cost  
t o  the  payload. 
The f i l m  t r a n s f e r  task on Skylab was accomplished by means o f  an ex tend ib le  boom 
8 m i n  l e n g t h  on which the  f i l m  magazines were mounted. 
l i n e  concept i s  a manually operated cargo t r a n s f e r  device. The c l o t h e s l i n e  was 
successfu l ly  used as an a l t e r n a t e  f i l m  magazine t r a n s f e r  system on Skylab. 

Handra i ls  may a l s o  be 

The SRMS handra i l s  may n o t  on l y  i n -  

Cargo t rans fe r  systems inc lude  deployment booms and c lo thes1  ines. 

The endless c lo thes-  

Common w o r k s i t e  a i d s  t h a t  may have t o  be prov ided by the  payload i n c l u d e  
hnndholds, r e s t r a i n t s ,  l i g h t s ,  c o n t r o l s  and d isp lays,  t o o l s ,  replacement spares, 
t e t h e r  a t t a c h  p o i n t s  , equi  pmen t r e s t  r a i  n t s  , contaminat ion o r  eq u i  pment/crewman 
p r o t e c t i o n  s h i e l d s  and s u f f i c i e n t  workspace t o  enable access t o  the equipment. 
Many o f  these equipment i tems were developed f o r  Skylab and are a v a i l a b l e  f o r  
payload a p p l i c a t i o n s  (references 6 and 8). 

I 3.2 SIGNIFICANT CAPABILITIES 

The pr imary advantage o f  using EVA as a s e r v i c i n g  mode i s  the  f l e x i b i l i t y  
o f  having a man a t  t he  works i te  t o  evaluate the a v a i l a b l e  in format ion and per-  - 
f c m  the  necessary operat ions t o  c o r r e c t  the problem. 
be enhanced by a s e t  o f  standard t o o l s  provided by the s h u t t l e  f o r  use by the  
payloads. These t o o l s  w i l l  a l l o w  the crewmen t o  perform both planned and un- 
scheduled operat ions w i t h o u t  r e q u i r i n g  payload-furnished standard too l s .  The 
use o f  p o r t a b l e  handra i l s  and f o o t  r e s t r a i n t s  may a l s o  enable the  EVA crewman 
t c  e s t a b l i s h  a temporary works ta t i on  f o r  unscheduled o r  contingency operat ions.  
The impact on the payload f o r  p r o v i d i n g  these p o r t a b l e  f o o t  r e s t r a i n t s  and hand- 
r a i l s  w i l l  be the p r o v i s i o n  of l i g h t w e i g h t  receptacles a t  l o c a t i o n s  where EVA may 
be requi red.  

This f l e x i b i l i t y  w i l l  

A second major  advantage of EVA i s  i t s  min imum impact on the payload. The 
primary consideration in designing a payload f o r  EVA i s  p r o v i d i n g  access t o  com- 
ponents t h a t  may need t o  be r e p a i r e d  o r  replaced. This  i s  a l s o  d e s i r a b l e  f o r  
ground maintenance and checkout. L i g h t i n g ,  handra i l s  and t o o l s  are p rov ided  by 
s h u t t l e  and w i l l  be adequate f o r  many payload EVA tasks.  
f o r  s p e c i f i c  payload operat ions would be prov ided by the payload. 

I 

I 

A d d i t i o n a l  equipment 
I 

I 3.3 MODE LIMITATIONS 

The areas t o  be addressed du r ing  the design process i f  EVA i s  t o  be used 
i n c l u d e  the f o l l o w i n g :  

0 Mass Handl ing - The p r e c i s e  l i m i t s  o f  masses t h a t  can be 
handled i n  EVA depend on t r a n s l a t i o n  speeds, placement 
accuracy, mass moment of i n e r t i a  and package s i ze .  JSC 
s tud ies  have repo r ted  t h a t  up t o  3800 kg can be handled 
and c o n t r o l l e d  by an EVA crewman. 
i n d i c a t e  t h a t  handl ing masses w h i l e  t r a n s l a t i n g  r e q u i r e d  
s u i t a b l e  handra i l s  and slow t r a n s l a t i n g  speeds. 

Skylab crew debr ie f i ngs  
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3.4 SHUTTLE 

Support 

Impact on Payload Design - EVA imposes design requirements 
on the  payloads, p r i m a r i l y  i n  terms of p r o v i d i n q  l i q h t s ,  
handrails-, f o o t  r e s t r a i n t s  and hand, body, v i s u a l  and t o o l  
access f o r  payload equipment operat ions.  See reference 6 
f o r  s p e c i f i c  design requirements. 

- Time - EVA requ i res  a 3.5 hour pre-breathe p e r i o d  p r i o r  t o  
the ac tua l  EVA preparat ion,  i n c l u d i n g  s u i t  donning. The 
f i r s t  1.5 hours can be spent i n  per forming o ther  mission 
operat ions wh i l e  the  crewman wears a po r tab le  mask. 

Workstat ion Locat ion and O r i e n t a t i o n  - Care should be taken i n  
the l o c a t i o n  and o r i e n t a t i o n  o f  works ta t ions  due t o  the  reach 
l i m i t a t i o n s  o f  the  r e s t r a i n e d  crewman i n  the  s u i t .  Handra i ls  
o t h e r  than pr imary t r a n s l a t i o n  handrai  1s may be requ i red  f o r  
the  crewman t o  o r i e n t  h imse l f  a t  the  works i te .  

Contamination - S u i t  contaminat ion w i l l  be f rom two sources - 
the  thermal system subl imator  and o v e r a l l  s u i t  leakage. The 
subl imator  w i l l  produce approximately 5.4 kg o f  H20 per  hour 
t h a t  has been f i l t e r e d  t o  one micron. 
the r e a r  o f  the PLSS away from the workstation. An umbil ical  
cou ld  be developed t o  c a r r y  the H20 away from the  crewman and 
would be weight and volume chargeable t o  t h e  payloads if 
flown. 
and w i l l  be approximately 50 cc 02 per  hour. 

AND PAYLOAD SUPPORT REQUIRED 

The H20 i s  vented t o  

S u i t  leakage w i l l  occur p r i m a r i l y  a t  t he  var ious j o i n t s  

i s  r e q u i r e d  p r i m a r i l y  i n  the  p r o v i s i o n  o f  supplementary f o o t  
r e s t r a i n t s ,  handra i l s ,  cargo t r a n s f e r  aids, l i g h t s ,  e t c .  Access t o  payload equip- 
ment w i l l  be requ i red  f o r  v i sua l ,  hand and t o o l  access a l though t h i s  i s  genera l l y  
requ i red  f o r  ground operat ions.  Add i t i ona l  c h e c k l i s t s  and component l a b e l s  may 
be requ i red  on some ex te rna l  equipment w i t h  which the  crewman may in te r face .  

The SRMS and t h e  Payload I n s t a l l a t i o n  and Deployment A i d  (PIDA) may be use- 
f u l  t o  p rov ide  EVA crewman access t o  payloads and t o  p o s i t i o n  payload equipment 
f o r  s e r v i c i n g  (see Sect ions 5.1 and 5.2). 

3.5 STATE OF DEVELOPMENT 

EVA has been demonstrated on prev ious programs as an e f f e c t i v e  method o f  
performing planned, unscheduled and contingency OMR tasks. The too l s ,  crew 
r e s t r a i n t s  and var ious o the r  suppor t  equipment developed f o r  these programs w i l l  
be app l i cab le  t o  many o f  the s h u t t l e  payloads. 
a b l e  on the f i r s t  s h u t t l e  f l i g h t .  
c u r r e n t l y  being designed and i s  scheduled f o r  d e l i v e r y  i n  1978. Cargo bay hand- 
r a i l s  a re  basel ined.and the f o o t  r e s t r a i n t s  a r e  designed and a v a i l a b l e  for use. 
S p e c i f i c  t o o l s  prov ided by s h u t t l e  a re  TBD. 

The EVA c a p a b i l i t y  w i l l  be a v a i l -  
The ex t raveh icu la r  n o b i l i t y  u n i t  (EMU) i s  
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4.@ EVA AND MANNED MANEUVERING UNIT (MMU) 

4.1 GENERAL DESCRIPTION 

The Manned Maneuvering U n i t  System (MMUS) cons i s t s  of the MMU and a F l i g h t  
Support S t a t i o n  (FSS) (F igure 4-1). The MMU i s  an advancement o f  t h e  Skylab 
f l i g h t  experiment M509, Ast ronaut  Maneuvering Equipment, whfch was flown SUC- 
c e s s f u l l y  on Skylab i n  an I V A  mode. The FSS i s  mounted i n  the  payload bay and 
prov ides f o r  storage and environmental p r o t e c t i o n  o f  the MMU f o r  launch, on- 
o r b i t ,  r e e n t r y  and landing, f a c i l i t a t e s  pressure vessel recharge and b a t t e r y  
changeout, and a l l ows  donning/dof f ing of the MMU by one EVA creman.  

The MMUS w i l l  be provided f o r  s h u t t l e  and payload OMR tasks t h a t  r e q u i r e  
t r a n s l a t i o n  by an EVA crewman ou ts ide  the cargo bay. 
l o a d  deployment and r e t r i e v a l  , s e r v i c i n g  o f  payloads ou ts ide  the bay, assembly 
o f  s t r u c t u r e s  and s h u t t l e  o r  payload inspect ion.  

Example tasks i nc lude  pay- 

The MMU i s  a modular device designed t o  a t t a c h  r i g i d l y  t o  the Por tab le  
L i f e  Support System such t h a t  the EVA crewman, the EMU and the MMU form an i n -  
t e g r a l  manhachine system f o r  EVA operat ions.  The MMU conta ins a c o l d  gas pro- 
p u l s i o n  system, b a t t e r i e s ,  power condi t ion ing,  c o n t r o l  e l e c t r o n i c s ,  gyros, hand 
c o n t r o l l e r s ,  and c o n t r o l s  and d isp lays requ i red  t o  p rov ide  the c a p a b i l i t y  t o  
t r a n s l a t e  an EVA c reman  through free space i n  t h e  v i c i n i t y  o f  the s h u t t l e .  
M'ounting brackets a r e  provided f o r  a n c i l l a r y  equipment such as r e p a i r  k i t s ,  
c3meras, l i g h t s ,  t oo l s ,  e tc .  
maximum) are a v a i l a b l e  f o r  the operat ion o f  a n c i l l a r y  equipment. 

Two power o u t l e t s  (28.0 + 2.0 v o l t s  and 2.0 amps 

Figure 4-1: Manned Maneuvering Un i t  System 
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The MMU w i l l  p rov ide s i x  degrees o f  freedom t r a n s l a t i o n a l  c a p a b i l i t y  w i t h  
constant  t r a n s l a t i o n a l  and r o t a t i o n a l  acce le ra t i on  along any o f  the three axes 
i n  response t o  manual i n p u t s  and automatic a t t i t u d e  hold about an of the 

a l  a c c e l e r a t i o n  w i l l  be 10.0 + 3.0 deg/sec2 i n  response t o  command inputs .  The 
p ropu ls ion  system i s  designed-to use non-contaminating GN2 and w i l l  p rov ide  a 
t o t a l  d e l t a  v e l o c i t y  o f  20 m/sec pe r  charge, w i t h  recharge on -o rb i t  as required. 
The MMU will  support EVA operat ions f o r ' u p  t o  6.5 horirs wi th  an operat ing 
range o f  up t o  100 m from the o r b i t e r .  

three axes. T rans la t i ona l  acce le ra t i on  w i l l  be 10.0 t 1.5 cm/sec !? and r o t a t i o n -  

Figures 4-2 and 4-3 show the  envelope dimensions o f  the MMU and the  FSS. 
The f u l l y  charged MMU w i l l  weigh 102 kg and the maximum weight o f  the FSS i s  

I 22.7 kg. D e t a i l e d  s p e c i f i c a t i o n s  f o r  the MMU a re  given i n  Reference 10. 

4.2 S IGNIF ICANT CAPABILITIES 

The bas ic  c a p a b i l i t y  provided by the MMU i s  t o  extend the  EVA crewman's 
m o b i l i t y  beyond the  o r b i t e r  payload bay, w i thou t  any attachment t o  the o r b i t e r  
i t s e l f .  
man i s  f r e e  t o  t r a v e l  o u t  t o  100 m from the o r b i t e r  t o  perform payload s e r v i c -  
ing or inspect ion,  o r b i t a l  assembly and payload deployment and r e t r i e v a l  opera- 
t i o n s .  

Thus, w i t h  the  t r a n s l a t i o n  c a p a b i l i t y  provided by t h e  MMU, t he  crew- 

4.3 MODE LIMITATIONS 

The f o l l o w i n g  l i m i t a t i o n s  apply  t o  the EVA/MMU mode: 

0 Force/torque a p p l i c a t i o n  c a p a b i l i t y  l i m i t e d  t o  0.55 - 0.83 kg-m 
w h i l e  un res t ra ined  ( i n  automatic a t t i t u d e  hold mode) 

0 Increased volume requirements a t  works i te  due t o  s i t e  o f  MMU 
(F igu re  4-2) 

0 Operat ing range l i m i t e d  by t o t a l  A V  o f  20 m/sec 

I 4.4 SHUTTLE AND PAYLOAD SUPPORT REQUIRED 

I n  a d d i t i o n  t o  t h e  o r b i t e r  basel ine EVA p rov i s ions ,  stowage attachment pro-  
v i s i o n s  f o r  the MMUS a re  provided i n  the payload bay. 
f l i g h t s  w i th  planned EVA and two MMUs w i l l  be c a r r i e d  when a MMU i s  r e q u i r e d  fo r  
payload support.  
operat ions i s  chargeable t o  the payloads. 

One MMU w i l l  be f l own  on 

Weight and volume f o r  the MMUs f l own  i n  support  of payload 

, 
4.5 STATE OF DEVELOPMENT 

M a r t i n  M a r i e t t a  Denver D i v i s i o n  i s  c u r r e n t l y  under c o n t r a c t  t o  NASA JSC t o  
perform a p r e l i m i n a r y  MMU design (Contract  No. NAS9-14593, August 1976). 
hardware procwenent  c o n t r a c t  i s  scheduled t o  be awarded i n  October 1977 w i t h  the  
MMUS scheduled t o  be a v a i l a b l e  f o r  f l i g h t  by December 1980. 

A f l i g h t  
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5.0 SHUTTLE REMOTE MANIPULATOR SYSTEM (SRMS) 

5.1 GENERAL DESCRIPTION 

The SRMS cons is t s  o f  a 15.24 m manipulator arm, removable end e f f e c t o r s ,  
a c o n t r o l  s t a t i o n  l oca ted  a t  the a f t  cabin r e a r  bulkhead and associated v ideo 
systems, l i g h t i n g  and c o n t r o l  system hardware and software. The nominal SRMS 
cons is t s  of a s i n g l e  manipulator arm mounted on the forward p o r t  longeron and 
a Payload I n s t a l l a t i o n  and Deployment A id  (PIDA) mounted on the a f t  s ta rboard  
longeron. On r e t r i e v a l  missions, t he  SRMS places the payload on the  P I D A  which 
swings i t  down i n t o  the  bay. 
pa.yload o u t  o f  the bay f o r  removal by the  SRMS. 
load, the P IDA might  be used t o  p o s i t i o n  the payload s ince the P IDA w i l l  h o l d  
a t  in termediate p o s i t i o n s .  

operat ions r e q u i r i n g  two manipulators.  
chargeable (438.6 kg) and the P IDA cannot be f lown on missions us ing two 
manipulators.  

For deployment o f  a payload, the P I D A  swings the  
For EVA s e r v i c i n g  o f  a pay- 

A second SRMS manipulator  can be mounted on the s ta rboard  longeron p e r m i t t i n g  
The second manipulator  i s  payload weight 

The SRMS manipulator  i s  c u r r e n t l y  being designed as a s i x  degree o f  freedom 
mechanism having shoulder yaw and p i t c h ,  elbow p i t c h  and w r i s t  p i t c h ,  yaw and 
r o l l .  
o f  the SRMS are: 

The segment diameter i s  39 cm. Several p e r t i n e n t  design c h a r a c t e r i s t i c s  

0 T i p  Force : 6.8 kg 
0 T i p  Placement Accuracy : t 3.8 cm 
0 Maximum T i p  V e l o c i t y  (Unloaded) : 60 cm/sec 
0 Maximum T i p  V e l o c i t y  (Loaded) : 6 cm/sec 

The SRMS t i p  w i l l  be capable of s topping w i t h  a 14,500 kg payload w i t h i n  0.6 m. 
The segment s t i f f ness  w i l l  r e s u l t  i n  a d e f l e c t i o n  o f  0.56 cm pe r  kg a t  the t i p  
o f  the f u l l y  extended manipulator.  

5.2 S I G N I  FICANT CAPAB I L  I T 1  ES 

The pr imary f u n c t i o n  of the SRMS w i l l  be deployment and r e t r i e v a l  o f  auto- 
mated payloads o f  up t o  27,000 kg mass. 
the design, the SRMS may have some c a p a b i l i t y  t o  perform s e r v i c i n g  operat ions 
such as component replacement, and t o  prov ide a t r a n s l a t i o n  path f o r  an EVA 
c rewman . 

While these requirements w i l l  d r i v e  

The bas ic  o r b i t e r  prov ided end e f f e c t o r  w i l l  be opt imized f o r  g rapp l i ng  
automated payloads. 
spec ia l  purpose end e f f e c t o r s  f o r  payload s e r v i c i n g  operat ions could be pro-  
v ided  by the user s ince the SRMS w i l l  be capable of end e f f e c t o r  exchange du r ins  
the mission. 
support  EVA t r a n s l a t i o n .  

Two end e f f e c t o r  concepts a re  shown i n  F igure 5-1. A d d i t i o n a l  

The SRMS segments w i l l  have o r b i t e r  prov ided EVA handra i l s  t o  
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PROBE AND DROGUE END EFFECTOR CONCEPT 

Figure 5-1: SRMS End E f f e c t o r  Concepts 
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5.3 MODE LIMITATIONS 

Spec i f i c  SRMS l i m i t a t i o n s  which are  re levan t  t o  the use o f  the SRMS as an 
OMR mode are  1 i s t e d  below: 

m The reach envelope f o r  the SRMS i s  determined by the segment 
lengths  and j o i n t  l i m i t s .  
l i m i t s  a re  shown i n  F igure 5-2. 
are  shown i n  Figures 5-3 and 5-4. 

The segment dimensions and j o i n t  
The r e s u l t i n g  reach envelopes 

-14 

Figure  5-2: SRMS Segment Dimensions and J o i n t  L i m i t s  

Visual  feedback t o  the  SRMS operator  w i l l  be prov ided by an 
overhead window and an a f t  bulkhead window whose f i e l d s  of v iew 
are  shown i n  F igure 5-4. Closed c i r c u i t  TV w i l l  a l so  be pro-  
v ided w i th  one camera mounted on the  SRMS w r i s t  and one o r  more 
cameras mounted a t  se lected l oca t i ons  i n  the bay. 
basel ine v i s u a l  system i s  2-D, black and white,  525 l i n e ,  and 
30 frames/sec w i t h  pan, tilt and zoom. 

The c u r r e n t  
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0 SRMS t i p  placement accuracy a t  the works i te  w i l l  impact 
The c u r r e n t  design goal payload operat ions c a p a b i l i t y .  

i s  + 3.8 cm. Simulat ion s tud ies are c u r r e n t l y  
planned t o  evaluate the s e t t l i n g  times and damping ra tes .  
These d e x t e r i t y  parameters w i l l  a l s o  depend on the p o s i -  
t i o n  r e s o l v i n g  and command a b i l i t i e s  o f  the SRMS operator.  

0 The SRMS c o n t r o l  system w i l l  be designed t o  avoid c o n t r o l  
s i n g u l a r i t i e s  and extreme j o i n t  angles w i t h i n  the reach 
volume. 
1 i kel  i hood o f  c o n t r o l  l o s s  and damage p o t e n t i a l .  Fu r the r  
safetymeasures inc lude r a t e  l i m i t i n g  t o  ensure a 0.6 m 
stopping d is tance and c o l l i s i o n  avoidance software algo- 
r i t hms  based on e i t h e r  a cargo bay software map o r  manip- 
ul a t o r  mounted p r o x i m i t y  sensors. 

Force a p p l i c a t i o n  c a p a b i l i t y  o f  the SRMS i s  l i m i t e d  t o  6.82 kg 
a t  the t i p  when the arm i s  f u l l y  extended. 
w i l l  g e n e r a l l y  increase as the  l e v e r  arm from the shoulder 
t o  the end e f f e c t o r  i s  shortened depending on the exact  j o i n t  
configuration. Force feedback i s  currently n o t  baselined for 
the SRMS hand c o n t r o l l e r s .  

These measures a re  designed t o  minimize the 

0 
Force c a p a b i l i t y  

0 Mass handl ing and t r a n s f e r  by the SRMS can on ly  be c a r r i e d  o u t  
between two p o i n t s  where attachments are provided t o  r e s t r a i n  
t h e  mass when i t  i s  released by the SRMS. 
be prov ided by the useravd must p o s i t i v e l y  a t t a c h  the module t o  
a recep tac le  w h i l e  i t  i s  s imultaneously at tached t o  the SRMS. 

Such attachments must 

. 5.4 SHUTTLE AND PAYLOAD SUPPORT REQUIRED 

Movement o f  l a r g e  masses by the SRMS w i l l  p e r t u r b  the o r b i t e r  and 
RCS f i r i n g s  w i l l  produce o s c i l l a t i o n s  i n  the SRMS. Depending on the  degree of 
d e x t e r i t y  requi red,  i t  may be necessary t o  suspend t h r u s t e r  f i r i n g s  d u r i n g  SRM 
operat ions.  SRMS damage can a l s o  r e s u l t  i f  the  t h r u s t e r s  a re  f i r e d  w h i l e  t h e  
SRMS i s  at tached t o  a l a r g e  f ree mass on the order  of the design mass of 
14,500 kg. While the  masses i nvo lved  i n  payload operat ions do n o t  appear l i k e  
t o  approach t h i s  value, i t  should be noted t h a t  t h r u s t e r  f i r i n g  abatement may 
requ i red  i n  some cases depending on the f i n a l  s t r u c t u r a l  c h a r a c t e r i s t i c s  of t h  
SRMS. 

Payloads which i n t e r f a c e  w i t h  the SRMS w i l l  need specia l  a t t a c h  p o i n t s  

S h u t t l e  support  t o  the SRMS i nc ludes  the  a f t  

l oca ted  t o  wi thstand the loads i nvo l ved  and which pe rm i t  grasping by t h e  gener 
purpose o r  spec ia l  purpose end e f f e c t o r s .  
p o i n t s  w i l l  a l s o  be requi red.  
cabin SRMS c o n t r o l  s t a t i o n  which may impact t he  space a v a i l a b l e  f o r  experiment 
c o n t r o l s  and d i sp lays .  Impacts t o  a f t  cabin space r e s u l t i n g  f rom use o f  a 
second manipulator  w i l l  be minimal s ince two manipulators  w i l l  be c o n t r o l l e d  
s e q u e n t i a l l y  from one s t a t i o n .  

Module stowage devices and a t t a c h  
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5.5  STATE OF DEVELOPMENT 

The r e s p o n s i b i l i t y  f o r  the development o f  the i n i t i a l  SRMS has been given 
t o  Canada, s p e c i f i c a l l y  the  Nat ional  Research Counci l  o f  Canada (NRCC). NRCC 
has contracted w i t h  a Canadian team headed by SPAR Aerospace t o  a c t u a l l y  develop 
the SRMS. The f i n a l  end e f f e c t o r  design should be se lec ted  by mid-1976. The 
dwelopment o f  a dexterous end e f f e c t o r  i s  n o t  being pursued a t  t h i s  t ime. 
c u r r e n t  schedule shows d e l i v e r y  o f  the f l i g h t  a r t i c l e  t o  NASA i n  mid-1979. 

The 
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6.0 AUTOMATED SERVICERS (AS) 

6.1 GENERAL DESCRIPTION 

I n  a study o f  i n t e g r a t e d  o r b i t a l  s e r v i c i n g  systems, M a r t i n  M a r i e t t a  
(NAS8-30820, August 1975) se lected a p i v o t i n g  arm on-orb i  t s e r v i c e r  (F igu re  
&l) as the  most e f f e c t i v e  and r e a l i s t i c  automated s e r v i c e r  f o r  performing 
s o r t i e  payload s e r v i c i n g  i n  the cargo bay and automated payload s e r v i c i n g  
a t  HEO. The two  major components o f  t h e  s e r v i c e r  a r e  (1)  a p i v o t i n g  arm 
s e r v i c e r  mechanism and (2) a stowage rack  f o r  module t ranspor t .  
has a diameter of 447 cm which i s  the same as the  Tug o u t e r  sk in .  
arm assembly i s  a four degree o f  freedom manipulator  ( t h ree  t r a n s l a t i o n a l  
and one r o t a t i o n a l )  and at taches t o  a mechanical s p l i c e  f i t t i n g  a t  t he  stow- 
age r a c k  center .  
has a l i n e a r  ope ra t i ng  l e n g t h  o f  1.5 m. 
stowed l e n g t h  o f  155 cm f o r  Tug operat ions and 178 cm f o r  o r b i t e r  a p p l i c a t i o n s .  

The stowage rack  
The p i v o t i n g  

The p i v o t i n g  arm i s  designed t o  rep lace modules a x i a l l y  and 
The system weighs 290 kg and has a 

Figure 6-1 : P i v o t i n g  Am On-Orbi t Serv i ce r  
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6.2 SIGNIFICANT CAPABILITIES 

The bas i c  c a p a b i l i t i e s  o f  t he  automated s e r v i c e r  i nc lude  r e l a t i v e l y  
r a p i d  removal and replacement of l a rge  modules. 
I n t e g r a t e d  O r b i t a l  Se rv i c ing  (10s) i d e n t i f i e s  requirements f o r  the  s e r v i c e r  
t o  handle modules o f  up t o  318 kg and t o  rep lace  such modules w i t h i n  10 
minutes. Add i t i ona l  requirements i d e n t i f i e d  i n  t h e  MMC study inc lude:  
t i p  fo rce  g rea te r  than 9 kg i n  worst  con f igura t ion ;  minimum s l i d i n g  f r i c -  
t i o n  areas; l i f e t i m e  o f  f i v e  years;  compatible w i t h  EVA; compensate fo r  
misalignments i n  s i x  degrees o f  freedom; and F i g h t  weight. 

The M a r t i n  study o f  

6.3 MODE LIMITATIONS 

L i m i t a t i o n s  of the  automated se rv i ce r  mode a re  l i s t e d  below: 

Serv i ce r  performs module exchange only. 

The spacecra f t  must be designed t o  be serv iceab le  w i t h  
a l l  modules l oca ted  i n  one o r  two separate docking faces 
o r  i n  one o r  two adjacent t i e r s  which are access ib le  by 
the servicer. 

0 P i v o t i n g  arm replaces modules i n  an a x i a l  mode only. 
Capabi 1 i ty  f o r  r a d i a l  replacement cou ld  be designed 
i n t o  the  serv icer .  

0 Length , o f  s e r v i c e r  (1.55 m stowed) occupies space otherwise 
usable by the payload and s e r v i c e r  weight sub t rac ts  f r a i t h e  
c a p a b i l i t y  o f  t h e  Tug t o  take  payloads t o  HEO. 
volume a re  chargeable t o  the payloads being serviced. 

Weight and 

0 For module replacement, l a t c h i n g  devices w i l l  be r e q u i r e d  
on both the  module and the spacecra f t  frame. 
f o r  the complete l a t c h  assembly f o r  a 106 cm cub ic  module 
i s  est imated t o  be approximately 7.5 kg. Whi le the l a t c h  
mass f o r  a few l a r g e  modules should be comparat ive ly  smal l ,  
t he  t o t a l  mass o f  la tches  f o r  a l a r g e  number o f  smal le r  
modules may be a s i g n i f i c a n t  disadvantage. 

The weight  

The bas i c  l i m i t a t i o n  o f  t he  automated s e r v i c e r  i s  i t s  l ack  o f  f l e x i b i l i t y  
Some degree o f  f l e x i b i l i t y  i s  obta ined i f  t h e  automated s e r v i c e r  i s  modi f ied 
t o  be remotely c o n t r o l l e d  w i t h  a man-in-the-loop. 
some degree o f  f l e x i b i l i t y  i s  assured w i t h i n  t h e  l i m i t s  o f  t h e  system i t s e l f .  

Wi th  man-in-the-loop, 

6.4 SHUTTLE AND PAYLOAD SUPPORT REQUIRED 

Support s t r u c t u r e  f o r  mounting the  s e r v i c e r  i n  t h e  pay load bay w i J 7  be 
requ i red  and the  spacecraf t  w i l l  r e q u i r e  a docking mechanism t o  i n t e r f a c e  w i t  
t he  docking probe on the  se rv i ce r .  A l l  rep laceable modules must be l oca ted  on 
a docking face which i s  access ib le  t o  t h e  automated se rv i ce r .  Exchange module 
must be designed t o  i n te r face  w i t h  the  stowage rack and t h e  end e f f e c t o r  on 
the  p i v o t i n g  arm. 
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6.5 STATE OF DEVELOPMENT 

M a r t i n  M a r i e t t a  i s  p resen t l y  performing a d d i t i o n a l  eva lua t i on  (Cont rac t  
No. NAS8-30820) o f  the  p i v o t i n g  arm se rv i ce r  t o  determine the  impact o f  modi- 
f i c a t i o n s  t o  the  s e r v i c e r  t o  enable i t  t o  per form more func t ions .  Considera- 
t i o n s  i nc lude  t h e  a d d i t i o n  o f  two more degrees o f  freedom t o  enable bo th  r a d i a l  
and a x i a l  module exchange. Volumetr ic e f f i c i e n c y ,  c o n t r o l  e f f i c i e n c y  and 
spacecra f t  s e n s i t i v i t y  t o  design changes are being studied. 
us ing 4, 5 and 6 degree o f  freedom se rv i ce rs  a re  being performed. 
i s  scheduled f o r  complet ion i n  A p r i l ,  1977. 

Trade s tud ies  
Th is  work 
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7.0 EARTH ORBITAL TELEOPERATOR SYSTEM (EOTS) 

7.1 GENERAL DESCRIPTION 

The EOTS, o r i g i n a l l y  designated t h e  free f l y i n g  te leopera to r  system, 
might  serve a dual f u n c t i o n  du r ing  the s h u t t l e  programs: i t  may evolve as 
a poss ib le  OMR mode; and i t  i s  a l s o  a planned f l i g h t  experiment designated 
Teleoperator  Bay Experiment (TOBE). 
would operate i n  r e l a t i v e l y  c lose p r o x i m i t y  t o  the  s h u t t l e  ( w i t h i n  3.2 km) 
and w i l l  be p r i m a r i l y  i nvo l ved  i n  payload r e t r i e v a l  and s e r v i c i n g .  
l i n e  v e h i c l e  i s  1.2 x 1.8 x 1.2 m and has a propuls ion system, TV camera, mani- 
Du la to r ( s )  and a payload docking c a p a b i l i t y .  The EOTS support system inc ludes 
l1 crew s t a t i o n  i n  the  a f t  crew compartment of the s h u t t l e  and a storage and 
resupply s t a t i o n  i n  the cargo bay. 

The p ropu ls ion  
:system w i l l  p rov ide a t o t a l  AV o f  30 m/sec. The video system w i l l  p rov ide  a 
:;tereo image t o  the operator  f o r  s t e r e o p t i c  viewing. The maximum i n d i v i d u a l  
miss ion d u r a t i o n  w i l l  be assessed d u r i n g  the f l i g h t  experiment. 

I f  developed, the EOTS v e h i c l e  

The base- 

The EOTS manipulator  system has a reach rad ius  o f  3 m. 

i7.2 SIGNIFICANT CAPABILITIES 

The most s i g n i f i c a n t  a p p l i c a t i o n  f o r  the EOTS du r ing  the s h u t t l e  program 
w i l l  be the  s e r v i c i n g  o f  automated spacecraf t  t h a t  a r e  n o t  at tached t o  the 
o r b i t e r  e i t h e r  by the SRMS o r  by launch locks i n  the cargo bay. 
w i l l  be useful  f o r  s e r v i c i n g  payloads t h a t  cannot be secured t o  the s h u t t l e  be- 
cause o f  t he  f o l l o w i n g  reasons: 

Th is  c a p a b i l i t y  

0 Unacceptable payload dynamic s t a t e  

0 Payload s e n s i t i v e  t o  o r b i t e r  contaminants 

0 L igh twe igh t  payload s e n s i t i v e  t o  o r b i t e r  t h r u s t e r  f i r i n g s .  

The a c t u a l  operat ions t o  be performed on the automated payloads would be l i m i t e d  
t o  i n s p e c t i o n  and module removal and replacement. 
be seve re l y  l i m i t e d  s ince the payload components would have t o  be designed f o r  
i n t e r f a c i n g  w i t h  the EOTS manipulators.  

Unscheduled opera t i ons  would 

7.3 MODE LIMITATIONS 

The EOTS i s  p r i m a r i l y  l i m i t e d  i n  where i t  can operate (cannot operate i n  
the bay) and i n  i t s  range c a p a b i l i t y  (3.2 km from s h u t t l e ) .  L i m i t a t i o n s  a l s o  
i nc lude  poss ib le  contaminat ion o f  s e n s i t i v e  payloads i f  the system p r o p e l l a n t  
i s  hydrazine, and s a f e t y  o f  the o r b i t e r  personnel when the EOTS v e h i c l e  i s  ma- 
neuvering c l o s e  t o  the s h u t t l e .  
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7.4 SHUTTLE AND PAYLOAD SUPPORT REQIIIRED 

To support  the EOTS the o r b i t e r  must prov ide space and mounting 
s t r u c t u r e  f o r  the tie-down and recharge s t a t i o n  i n  the cargo bay, and the  
c o n t r o l  s t a t i o n  i n  the a f t  crew compartment. 
be i n te r faced  w i t h  the  EOTS manipulator.  

Payloads must be designed t o  

7.5 STATE OF DEVELOPMENT 

Support ing research and technology a c t i v i t i e s  on t h e  EOTS a re  proceeding 
a t  MSFC p r i m a r i l y  i n  the areas o f  v i s u a l  systems and manipulator c o n t r o l  con- 

development o f  a working EOTS f o r  payload support i s  n o t  being pursued. 
cepts.  1 The TOBE f l i g h t  experiment i s  a l s o  under d e f i n i t i o n  a t  MSFC. 

7-2 



8.0 OMR MODE SELECTION RATIONALE 

I n  order t o  determine which OMR mode i s  best s u i t e d  f o r  a p a r t i c u l a r  pay- 
l oad  task, t he  designer must f i r s t  i d e n t i f y  the s p e c i f i c  task requirements and 
then compare these requirements w i t h  the OMR mode c a p a b i l i t i e s .  
presents a general method fo r  accomplishing these two steps and the d e t a i l e d  
ddta needed f o r  t h e  task/mode c a p a b i l i t y  comparisons. 
i:; i l l u s t r a t e d  i n  F igu re  8-1. 

This  sec t i on  

The simp1 i f i e d  process 

IDENTIFY 
OMR 
TASK 0 

SPECIFY 
D ETA I L E D 

REQ ' MTS 

0 Task Locat ion 
e Access Req'mts 
0 Forces Req'd 
0 Mass Handling 
0 Etc. 

COMPARE TASK 
REQUIREMENTS 
WITH MODE 
CA PAB I L I T  I ES 

APPLICABLE 

Figure 8-1: S i m p l i f i e d  OMR Mode Se lec t i on  Process 

8.1 IDENTIFY OMR TASK 

The f i r s t  s tep i n  the  OMR mode s e l e c t i o n  process i s  t o  d e f i n e  what ex- 
t e r n a l  tasks may be performed. From the payload des igner 's  v iewpoint ,  r e q u i r e -  
ments f o r  OMR may a r i s e  because o f  a c o s t  savings f o r  s e r v i c i n g  ex te rna l  com- 
ponents o r  because o f  an opera t i ona l  requirement f o r  r e p a i r i n g  o r  j e t t i s o n i n g  
a f a i l e d  ex te rna l  component. 

Payload c o s t  savings may be r e a l i z e d  by r e p l a c i n g  l i m i t e d  l i f e  components 
near the end o f  t h e i r  l i f e  c y c l e  o r  r e p a i r i n g  system components t o  extend an 
i ns t rumen t ' s  use fu l  l i f e .  I n  some cases OMR can a l s o  be used t o  enhance data 
q u a l i t y  by c a l i b r a t i n g  an inst rument  o r  r e t r i e v i n g  heat o r  r a d i a t i o n  s e n s i t i v e  
rna.terials. 
planned o r  unscheduled operat ions.  

OMR tasks j u s t i f i e d  on the bas is  o f  c o s t  savings can be e i t h e r  
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OMR tasks may a l s o  be requ i red  t o  c o r r e c t  payload anomalies. These i n c l u d  
r e t r a c t i n g  fa i led-extended equipment, secur ing f a i l e d - l o o s e  hardware, j e t t i s o n i r  
hazardous equipment o r  r e p a i r i n g  f a i l e d  p a l l e t  instruments. These tasks may 
n o t  be requ i red  f o r  c o s t  savings o r  data enhancement b u t  may be necessary t o  so 
more immediate problems such as c l o s i n g  the payload bay doors o r  secur ing loose 
equipment f o r  landing. 
i d e n t i f y  the f a i l u r e  modes t h a t  could prevent safe r e t u r n  o f  the s h u t t l e .  Pay- 
loads w i t h  components t h a t  could cause contingency s i t u a t i o n s  o f  t h i s  type shou 
be examined t o  i d e n t i f y  t h e  necessary OMR tasks t o  c o r r e c t  t h e  p o t e n t i a l  p rob le  

Every external  payload component should be examined t o  

8.2 COMPARE PAYLOAD TASK REQUIREMENTS AND MODE CAPABILITIES 

When the p o t e n t i a l  OMR tasks have been i d e n t i f i e d ,  t he  d e t a i l e d  task r e q u i d  
ments should be def ined f o r  comparison w i t h  the OMR mode c a p a b i l i t i e s .  These 
task requirments i nc lude  such f a c t o r s  as where the task w i l l  be performed, t ime 
1 i m i t a t i o n s ,  f o r c e  exe r t i on ,  mass handl ing and access problems. This  i n fo rma t i  
should descr ibe the tasks i n  as much d e t a i l  as c u r r e n t  payload d e f i n i t i o n  w i l l  
a l low.  Table 8-1 presents some o f  the data t h a t  should be s p e c i f i e d  i n  order t 
descr ibe the payload tasks. The f i r s t  column presents n ine  bas ic  OMR task de- 
s c r i p t i o n s .  Al though t h i s  l i s t  may n o t  be comprehensive f o r  a l l  poss ib le  tasks 
i t  inc ludes a l l  o f  t he  major data categor ies.  The second column conta ins a 
breakdown o f  each o f  the data categories and presents the factors t h a t  w i l l  hav 
s i g n i f i c a n t  e f f e c t  on the s e l e c t i o n  o f  a p a r t i c u l a r  OMR mode. 

i d e n t i f i e d  i n  the t h i r d  column. 
scheduled requirement f o r  re leas ing  a f a i l e d  sun s h i e l d  on the  spacelab p a l l e t ,  
Data Category No. 1 (Task Loca t ion )  i n d i c a t e s  t h a t  s ince t h e  task i s  i n  Low Ear 
O r b i t  and i n s i d e  the cargo bay, the app l i cab le  OMR modes a r e  EVA, t h e  SRMS and 
the cargo bay Automated Serv icer .  Data Category No. 2 (OMR Task Type) a l s o  i n d  
cates t h a t  the two a p p l i c a b l e  modes f o r  unscheduled operat ions a r e  EVA and t h e  
SRMS s ince these methods a r e  prov ided by the  s h u t t l e  f o r  unscheduled and con- 
t ingency operat ions on a l l  f l i g h t s .  Data Category No. 4 ( D e x t e r i t y  Requirement 
narrows the choice t o  EVA s ince small  hand t o o l s  may be r e q u i r e d  t o  re lease  and 
r e t r a c t  t h e  sun sh ie ld .  By us ing the t a b l e  i n  t h i s  manner, t h e  payload designe 
can s e l e c t  the most app rop r ia te  OMR mode(s) f o r  performing t h e  ex te rna l  payload 
tasks. 

For each o f  these mode s e l e c t i o n  f a c t o r s ,  the approp r ia te  OMR modes a r e  
For example, i f  a payload has a p o t e n t i a l  un- 

. 

8.3 OMR MODE SELECTION 

To a i d  the  payload designer i n  us ing Table 8-1 and o b t a i n i n g  more d e t a i l e d  
in format ion from the s p e c i f i c  mode desc r ip t i ons ,  a r a t i o n a l e  i s  needed f o r  ad- 
dress ing the most impor tant  quest ions f i r s t .  For instance, where the task w i l l  
be performed has more impact on mode s e l e c t i o n  than the f o r c e  e x e r t i o n  r e q u i r e -  
ments. 
F igure 8-2 f o r  the example task o f  r e t r a c t i n g  a fa i led-extended astromast boom. 
The most impor tant  task d e s c r i p t o r s  a r e :  

A l o g i c a l  o r d e r i n g  o f  quest ions i s  presented i n  d e c i s i o n  t r e e  form i n  
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0 Task Locat ion : LEO-Inside Cargo Bay 
0 OMR Task Type : Unscheduled (No prepared worksi  t e )  
0 D e x t e r i t y  Requirements : Manipulate Small Tools 
0 Time Constra in ts  : None 
0 Mass Handling : Less Than 20 kg 
0 Access Requirements : Tool Access Required Between 

Adjacent Components 16 cm Apar t  

The simp1 i f i e d  dec i s ion  t r e e  represents t h e  l o g i c a l  thought process t h a t  should 
be used by the  payload designer t o  s e l e c t  t he  best  OMR mode f o r  the p a r t i c u l a r  
task. , 

TASK - R e t r a c t  F a i l e d -  
Extended Astromast Boom 

EVA (Best OMR Mode) 

Figure 8-2: S i m p l i f i e d  OMR Mode S e l e c t i o n  Decis ion Tree 
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A mode s e l e c t i o n  dec i s ion  t r e e  f o r  the general  c l a s s  o f  OMR tasks i s  
presented as F igure  8-3. Th is  t r e e  prov ides a l o g i c a l  sequence o f  quest ions 
t o  guide the  payload designer i n  the se lec t i on  o f  t h e  most appropr ia te  OMR 
niode f o r  a p a r t i c u l a r  task. 
spec i f i c  quest ions should be r e t r e i v e d  from Table 8-1 or Sect ions 3.0 through 
7.0. 

Deta i led  in fo rmat ion  requ i red  t o  answer t h e  
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